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Abstract 

We revisit the problem of a mechanism that generates the mass 
spectrum of elementary particles. This has vexed physicists for several 
decades now. In this connection we deduce a formula that gives the 
masses of all known elementary particles, even though other quantum 
numbers are suppressed. These considerations become important in 
view of the LHC which is expected to attain 14 TeV by 2013. 



1 Introduction 

Various attempts have been made by several authors for a simple or funda- 
mental mechanism to obtain the mass spectrum of elementary particles over 
the years pQ. In the 1990's the author had tried different approaches [2J[3JII]. 
These efforts however lead to very limited results. Even more recently p2,|6], 
attempts have been made using QCD, (Quantum Chromo Dynamics) with 
equally limited success. To this day the problem of the particle mass spec- 
trum is a central one. 
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2 A Mass spectrum 



We note that all of non-leptonic matter is made up of quarks [7] They interact 
via the interquark or QCD force. In this picture, pions are bound-states of 
a quark and an anti an anti-quark. The QCD potential is given by 

U(r) = + (3r (1) 

r 

where in units h — c — 1, a ~ 1. The first term in ([T]) represents the 
Coulombic part while the second term represents the confining part of the 
potential. As is well known the potential in ([1]) explains two well known 
features viz., quark confinement and asymptotic freedom. 
Let us consider the pion made up of two quarks along with a third quark, one 
at the centre and two at the ends of an interval of the order of the Compton 
wavelength, r. Then the central particle experiences the force 

a a —2ax 

(f + r) 2 ~ (f -r) 2 () 

where x is the small displacement from the mean position. Equation (J2]) 
gives rise to the Harmonic oscillator potential, and the whole configuration 
resembles the tri-atomic molecule. 

Before proceeding we can make a quick check on (TSJ). We use the fact that 
the frequency is given by 

a 

whence the mass of the pion m n is given by 

{hoj =)u = m n (3) 

Remembering that r = use of (j3J) gives a — 1, which of course is 

correct. 

To proceed, the energy levels of the Harmonic oscillator are now given by, 
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If there are N such oscillators, then over the various modes the energy of the 
particle is given by 



m and n being positive integers. The mass of the particle P is now given by 

m m no] 

ITLp = I I Tl + - ) 777.Tr (4) 



It is remarkable that the above simple formula reproduces for the different 
integral values of I and n reproduces the masses of all the known Bosons 
with an error of less than 1% in most of the cases and exceptionally less than 
about 2%. The details are reproduced in the table below. 
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Table 1: Mesons 



Particle and mass 


Mass From Formula 


-1 — 1 rr-/ 

Frror 70 


(/, 77) 


71^(139.57018) ± 0.00035 


137 


-1.43885 


(2,0) 


7r u (134.9766) ± 0.0006 


137 


-l A t~\ ~t A t~\ -I 

1.481481 


(2,0) 


K ± 4064 ± 0.016 


496 


1.9 


(1,3) 


7](547.51) ± 0.18 


548 


0.182815 


(8,0) 


/ (600)(400 - 1200) 


616.5 


(2.75)0 


(1,4) 


p(775.5) ± 0.4 


753.5 


-2.14286 


(1.5) 


w(782) ±0.12 


753.5 


-3.6445 


(1,5) 


77'(958) ± 0.14 


959 


0.104384 


(2,3) 


/o(980) ± 10 


959 


-2.14286 


(2,3) 


a (980) ± 1.2 


959 


-2.14286 


(2,3) 


0(1020) ± 0.020 


1027.5 


0.735294 


(1,7) 


/ii(1170) ± 20 


1164.5 


(-0.47009)0 


(1,8) 


6i(1235) ± 3.2 


1233 


(-0.16194)0 


(2,4) 


ai(1260)1230±40 


1233 


(-2.14286)0 


(2,4) 


/ 2 (1270)1275.4 ± 1.1 


1233 


-2.91339 


(2,4) 


/i(1285)1281.8 ± 0.6 


1301.5 


1.284047 


(1,9) 


r/(1295)1294 ±4 


1301.5 


0.501931 


(1,9) 


7r(1300) ± 100 


1301.5 


0.115385 


(1, 9) 


a 2 (1320)1318.3 ± 0.6 


1301.5 


-1.40152 


(1,9) 


/ (1370)(1200 - 1500) 


1370 





(4,2) 


/ii(1380) 


1370 


f\ f~7C\ AHA 

0.72464 


{ A C\\ 

(4,2) 


tti(1400)1376 ± 17 


1370 


-2.14286 


(4,2) 


A(1420)1426.3±0.9 


1438.5 


1.302817 


(1,10) 


w(1420)1400 - 1450 


1438.5 


(1.302817)0 


(1,10) 


/ 2 (1430) 


1438.5 


0.594406 


(1,10) 


7/(1440) (1400 - 1470) 


1438.5 


-0.10417 


(1,10) 


a (1450)1474± 19 


1438.5 


-0.7931 


(1,10) 


p(1450)1459± 11 


1438.5 


-0.7931 


(1,10) 


/o(1500)1507±5 


1507 


(0.466667)0 


(2,5) 


' /i(1510) 


1507 


-0.19868 


(2,5) 


£(1525) ±5 


1507 


-1.18033 


(2,5) 


/ 2 (1565) 


1575.5 


0.670927 


(1,11) 
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Particle and mass 


Mass From Formula 
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/ 2 (1910) 


1918 


0.418848 


(4,3) 


/ 2 (1950)1944± 12 


1918 


-1.64103 


(4,3) 


p 3 (1990) 


1986.5 


-0.17588 


(1,14) 


X(2000) 


1986.5 


-0.675 


(1,14) 


/ 2 (2010)(+60/- 80) 


1986.5 


(-1.16915)0 


(1,14) 


/ (2020) 


1986.5 


1.65842 


(1,14) 


a 4 (2040)2001 ± 10 


2055 


0.735294 


(2,7) 


/ 4 (2050)2025 ± 10 


2055 


0.243902 


(2,7) 


7T 2 (2100) 


2123.5 


1.119048 


(1,15) 


/o(2100) 


2123.5 


1.119048 


(1,15) 


/ 2 (2150) 


2123.5 


-1.23256 


(1,15) 
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Particle and mass 


Mass From Formula 


Error % 


(l,n) 


p 2 (2150) 


2123.5 


-1.23256 


(1,15) 


/o(2200) 


2260.5 


2.75 


(1,16) 


/j(2220) 


2260.5 


1.824324 


(1,16) 


7^(2225) 


2360 


1.595506 


(1,16) 


p 3 (2250) 


2260 


0.466667 


(1,16) 


/ 2 (2300)2297±28 


2329 


1.26087 


(2,8) 


/ 4 (2300) 


2329 


1.26087 


(2,8) 


£.(2317) 


2329 


0.5 


(2,8) 


/o(2330) 


2329 


-0.04292 


(2,8) 


/ 2 (2340)2339±60 


2329 


-0.47009 


(2,8) 


p 5 (2350) 


2329 


-0.89362 


(2,8) 


a 6 (2450) 


2466 


-0.89362 


(4,4) 


/ 6 (2510) 


2534.5 


0.976096 


(1,18) 


K* (892) ±0.26 


890.5 


-0.16816 


(1,6) 


fTi(1270)1272 ±7 


1233 


2.91338 


(2,4) 


Ki(1400)1402 ±7 


1370 


-2.14286 


(4,2) 


iT* (1410) 1414 ± 15 


1438.5 


2.021277 


(1,10) 


X*(1430)1414±6 


1438.5 


0.594406 


(1,10) 


fT* (1430) 1425.6 ± 1.5 


1438.5 


0.594406 


(1,10) 


K(UQ0) 


1438.5 


-1.4726 


(1,10) 


Pentaquar k ( 1 . 5GeV) 


1.5 





(2,5) 


if 2 (1580) 


1575.5 


-0.28481 


(1,11) 


X(1630) 


1644 


0.858896 


(8,1) 


7^(1650) 


1644 


-0.36364 


(8,1) 


7^(1680)1717 ±27 


1712.5 


(1.934524)0 


(1,12) 


fsT 2 (1770)1773±8 


1781 


(0.621469)0 


(2,6) 
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5343 


-0.49538 
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5^(5850) 


5822.5 


-0.47009 


(1,42) 


£±(6400)6286 ±5 


6370.5 


0.4609 


(3, 15) 


?7c(lS)(2979)2980.4±1.2 


2945.5 


-1.12454 


(1,21) 


J/ip{lS) (3096)3096.916 ± 0.011 
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-0.46402 


(1,22) 


XC (1P)(3415. 1)3414.76 ± 0.35 


3425 


0.289889 


(2,12) 


XCi(lP)(3510.5) ±0.07 
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-0.48426 


(1,25) 


XC 2 (1P) (3556)3556.20 ± 0.09 


3562 
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Particle and mass 


Mass From Formula 


Error % 


(l,n) 


V>(25) (3685.9)3686.093 ± 0.034 


3699 


0.355408 


(2,13) 


V> (3770) 3771.1 ±2.4 


3767.5 


(-0.06631)0 


(1,27) 


V>(3836) 


3836 





(8,3) 


X(3872)3871.2±0.5 


3876 


0.13 


(3,9) 


X c2 (28)3929 ±5 


3944 


0.38 


(2, 14) 


^(4040)4039 ± 1 


4041.5 


(0.037129)0 


(1,29) 


^(4160)4153 ± 3 


4178.5 


(0.444712)0 


(1,30) 


^(4415)4421 ± 4 


4452.5 


0.84937 


(1,32) 


7(15) (9460.3) ±0.26 


9453 


-0.07716 


(2,34) 


X& (1 J P)(9859.9)9859.4 ± 0.42 ± 0.31 


9864 


0.041583 


(16,4) 


X&i(lP)(9892.7) ±0.6 


9864 


-0.29011 


(16,4) 


X& 2 (1P)(9912.6) ±0.5 


9864 


-0.49029 


(16,4) 


7(25) (10023) ±0.00031 


10001 


0.21949 


(2,36) 


X&o(2P) (10232) ±0.0006 


10275 


0.42026 


(2,37) 


X&i(2P) (10255) ±0.0005 


10275 


0.1945027 


(2,37) 


X6 2 (2P)(10268) ±0.0004 


10275 


0.068173 


(2,37) 


7(35) (10355) ±0.0005 


10343.5 


0.11105 


(1,75) 


7(45)(10580)10579.4± 1.2 


10549 


-0.29301 


(2,38) 


7(10860)10865 ±8 


10891.5 


0.290055 


(3,26) 


7(11020)11019 ±8 


11028.5 


0.077132 


(1,80) 
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The above theory suggests that these particles are composed of (or can 
decompose into) pions. An immediate example is the K Q Meson which can 
break into two or even three pions. 

More generally in a collision of the above particle, at high energies we can 
expect the following 

A + B + D + A (5) 

where A, B, C, are particles from the above table, D are pions if any and A 
is the energy (or conversely). 

3 Remarks 

1. Interestingly six decades ago Nambu had given the empirical formula 
nor (n + |) x (the mass of the pion) for about half a dozen particles, 
remembering that at that time such a small number of particles were 
known [11]. However this formula was nothing more than a curiosity 
because it was completely ad hoc and devoid of any dynamics. 

2. Just as the nucleus can be split into sub-constituents we could conceive 
of an elementary particle being split into its constituent quarks with 
the release of energy. This however is forbidden by the quark confining 
force in the QCD potential. The above considerations on the other hand 
suggest that the particles could be split or fused into other particles 
and pions with the release of energy. 

3. We quickly observe that the above mass spectrum formula fll]) works 
remarkably well for all known non-leptonic Fermions too [10] . This 
appears surprising because it must be borne in mind that this derivation 
is insensitive to quantum numbers such as spin and so on. 

On the other hand, pions being Hadrons, it is expected that they con- 
tribute to the masses of the other Hadrons. In any case it is expected that 
reactions ([5]) hold good for Fermions as well, provided that there is a balance 
of other quantum numbers. 

In other words fll]) holds good for all known elementary particles. Further 
fl5]) maybe important in the context of very high energy collisions taking place 
at 7 TeV expected at LHC in 2013. 
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